SUMMARY In order to study the mechanisms influencing bile acid pool size and cholesterol saturation index of fasting gall bladder bile, eight obese volunteers were placed on a low calorie diet for six weeks, and given intramuscular injections of a pharmacological dose of cholecystokinin octapeptide 5 [tg) at mealtimes for half that period (alternating order). During CCK-OP administration, postprandial emptying of the gall bladder (mean±SEM) increased from 58±11% to 82±5% (p<0005), and small intestinal transit time decreased from 205±27 to 178±26 minutes (NS). Bile acid pool size decreased from 4-6±0 3 to 3 1±0 3 mmol (p<0001), while fractional turnover rate for chenodeoxycholic acid increased from 0-23±0 02 to 0-36±0+03 per day (p<0-005), suggesting an increase in recycling frequency of the pool. Synthesis rate was unchanged (0-43±0 08 vs 0(44±0+07 mmol/day), suggesting a new steady state. The cholesterol saturation index of fasting gall bladder bile increased in all subjects from 1-3±0 1 to 1*6±0*1 (p<0005). Fasting gall bladder volume was reduced from 29±4 to 20±7 ml (p<0.0l). Fractional turnover rate on the two regimens correlated with gall bladder emptying (n= 16, r=0-61, p<001), but not with small intestinal transit time (r=0.07, NS). Bile acid pool size correlated with fractional turnover rate (r=-0 73, p<(00)5) and with cholesterol saturation index (r=-0*56, p<0025). These findings suggest that CCK influences bile acid kinetics and cholesterol saturation index of fasting gall bladder bile in man; and that these effects of CCK are mainly mediated via alterations in gall bladder emptying rather than through alterations in small intestinal transit rate. 
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Cholesterol gall stone disease is frequently associated with a reduced bile acid pool size Table 1 . Ultrasound examination in all eight subjects revealed that three had gall stones. All subjects gave written informed consent before participating in the study, and all the studies were approved by the local hospital ethical committee.
During half the six week period, subjects had an intramuscular injection of 5 ,ug CCK-OP (Squibb) 10 
Results

WEIGHT
The mean weight reduction in all subjects was 12±0-5 kg over the six week period, and this was divided equally between the two regimens (5-9±0.7 kg weight loss on diet alone, and 6X1±0X7 kg on diet plus CCK-OP injections).
GALL BLADDER EMPTYING AND SMALL
INTESTINAL TRANSIT TIME (Table 2) Percentage gall bladder emptying (mean±SEM) was 58±11% on diet alone, and increased to 82±5% (Tables 3 and 4) In the first three patients, the radioactivity of 14C chenodeoxycholic acid in bile was assessed on the day before the second injection of the radioisotope.
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In all three there was less than 1% radioactivity remaining from the initial dose. Total bile acid pool size on the CCK-OP regimen decreased from 4-6±0-3 mmol to 3 1±0-3 mmol (p<0001). The fractional turnover rate for chenodeoxycholic acid increased from 0-23±0-02 to 0-36±0-03 (p<0005). Synthesis rate, on the other hand, was unchanged (0-43±0*08 mmol/day vs 0-44±0*07 mmol/day).
The greatest alteration during the CCK-OP regimen was in the pool size for the two primary bile acids. The pool size for chenodeoxycholic acid fell from 1-76±0-17 to 1 19±1-13 mmol (p<0 05) and that for cholic acid from 1-66±0 07 to 1-00±0-11 mmol (p<005). By contrast, the decrease in pool size for deoxycholic acid was only from 1-15±0 06 to 0-89±0 11 mmol, (NS). The relative fraction of deoxycholic in the pool was increased from 25±5% to 27±4% (NS). Individual values for the fraction of deoxycholate, measured during both the CCK-OP regimen and the control regimen, correlated with saturation index during the corresponding regimen (r=0 55, p<0-05). and between bile acid pool size and saturation index of fasting gall bladder bile before and after CCK (n=16, r=0-56, p<0025). There was also a significant correlation between fasting gall bladder volume and bile acid pool size (n=16, r=0-59, p<002).
B. Dynamic relationships There was a significant correlation between the change in gall bladder emptying caused by CCK and the change in fractional turnover rate due to CCK (n=8, r=0-72, p<0O025). By contrast there was no significant correlation between change in small intestinal transit time and change in fractional turnover rate (n=8, r=-0-58, NS).
There was no significant correlation between change in fractional turnover rate and change in bile acid pool size (n=8, r=0*36, NS), but there was a significant correlation between change in bile acid pool size and change in saturation index of fasting gall bladder bile (n=8, r=0-63, p<005).
Discussion
We chose obese subjects for the study because there was a clinical indication for admitting them to hospital for six weeks, and because the low calorie diet they received was likely to give a low background level of postprandial CCK release for comparison with the pharmacological dose of CCK given during the study. Three of the obese subjects had gall stones on ultrasound examination, and the other five did not. Although the subjects separated into two groups according to initial gall bladder emptying, this separation bore no relationship to the presence or absence of gall stones. Three subjects had a small degree of gall bladder emptying in response to a standard meal (16-21%), whereas five subjects had marked emptying (78-84%). One gall stone patient had a small degree of emptying (16%) and two had a marked degree (78% and 84%). There was no difference in the response of other measurements to CCK injections between the gall stone and control subjects, and all subjects acted as their own controls.
In hospital we were able to achieve a constant eating pattern for the subjects by giving them equicaloric meals containing 20% protein, 40% fat and 40 carbohydrate. In order to further minimise biological and personal variations, the subjects acted as their own controls. The order in which the subjects had the low caloric diet either alone or with CCK-OP injections was alternated. The first subject had the control regimen followed by CCK-OP, the second subject had them in the opposite order and so on alternately. The reason for alternating the regimens was the fact that weight reduction alone is known to influence biliary cholesterol saturation index in obese subjects. 25 The subjects were kept for three weeks on each regimen (equivalent to four to five biological half lives of th, bile acid pool), in order to allow time for a new steady state to be reached, as was later confirmed by the finding that synthesis rate was the same on both regimens; and also to ensure that negligible radioactivity was carried over from the first set of measurements. We checked the specific activity of 14C-chenodeoxycholic acid immediately before the second injection, and found that this was less than 1% of that obtained on the first day after the original dose of isotope. We used only 14 C-chenodeoxycholic acid for measuring bile acid kinetics not combined with an isotope of cholic acid, because we were already using another isotope (99mTc HIDA) for gall bladder emptying and it was thought not ethically justifiable to use a third isotope.
Intramuscular administration of CCK-OP at mealtimes led as expected to an augmentation of gall bladder emptying in all the subjects from a mean value of 58% to a mean value of 82% emptying (p<0005). The effect of CCK-OP in causing gall bladder emptying in the fasting state has been reported both in man"i and in animals.26 Small intestinal transit time tended to be shorter on the CCK-OP regimen in the present study than on diet alone. This trend narrowly failed to reach statistical significance, because one subject (no 4 in Table 2 ) had a much longer transit time on the CCK-OP regimen than on the control regimen. Although CCK-OP is known to increase intestinal motility, we know of no previous data defining the effect of CCK or CCK-OP on small intestinal transit time using the hydrogen breath test in man.
An increase in recycling frequency of the bile acid pool provides the most likely explanation for the increased fractional turnover rate and decreased size of the bile acid pool, because an increase in gall bladder emptying or an increase in small intestinal transit rate are both likely to enhance recycling frequency. This possibility is supported by the finding of an inverse relationship between the size and recycling frequency of the bile acid pool in a group of healthy controls and gall stone subjects.2 A similar relationship was found in the present study between fractional turnover rate and bile acid pool size. In this study, an alteration in gall bladder emptying is likely to have been the more important factor causing the increased fractional turnover rate because there was a significant increase in gall bladder emptying, whereas the increase in small intestinal transit rate was of smaller magnitude and did not reach statistical significance with the small number of subjects studied (mainly because one subject had a large change in the opposite direction). Furthermore, fractional turnover rate was significantly correlated with gall bladder emptying, but not with small intestinal transit time in the steady state situation; and the increase in fractional turnover rate due to CCK-OP was significantly correlated with the increase in gall bladder emptying but not with the decrease in small intestinal transit time. In two subjects (nos 1 and 8 in Table 2 ), there was little change in gall bladder emptying during CCK-OP, but in these individuals there was a decrease in small intestinal transit time which may have contributed to the alterations in bile acid kinetics that were observed.
The reduction in gall bladder volume during the CCK regimen appears to reflect the reduction in bile acid pool size, as there was a significant correlation between the two measurements. We have previously shown that there is a significant correlation in healthy non-obese subjects without gall stones between fasting gall bladder volume and bile acid pool size,27 and have also shown that artificial depletion of the bile acid pool significantly reduces gall bladder volume. 28 Administration of CCK-OP resulted in a significant increase in cholesterol saturation index of fasting gall bladder bile, and we attribute this to the reduction in bile acid pool size because we have previously shown that artificial depletion of the bile acid pool results in an increase in cholesterol saturation index. These changes were associated with a significant reduction in bile acid and phospholipid mass within the gall bladder, without a significant change in cholesterol mass. In the present study, there was a significant correlation between bile acid pool size and cholesterol saturation index during the CCK-OP and control regimens.
Our overall interpretation of the effects of CCK-OP in the present study is that it caused an increase in gall bladder emptying, thus increasing recycling frequency of the bile acid pool. Initially, this would result in an increased bile acid return to the liver, thus temporarily reducing synthesis rate as a result of the well known negative feedback mechanism. 
